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MCF fabrication
The mask with the pattern of the microfluidic chip was designed using DesignCAD software ( Figure  1A ). For the master template, SU-8 photoresist (MicroChem Corporation, Newton, MA) was used. The fabrication started with spin coating of SU-8 2010 on a 3-inch silicon wafer (Virginia Semiconductor, Virginia). The photoresist was soft-baked at 65 o C for 1 min and hard-baked at 95 o C for 2 min before being exposed to UV light (365 nm) for 35 sec with a UV mask aligner (Karl Suss, Model MJB3) where the patterns were transferred on the silicon wafer. Following UV exposure, the unexposed parts were removed by SU-8 developer (MicroChem Corporation, Newton, MA). A soft polymer, Polydimethylsiloxane (PDMS) (Slygard 184, Dow Corning Corp., Midland, MI) was prepared with a ratio of 1:10 between the curing agent and the base. The PDMS and SU-8 mold were placed in a vacuum chamber to be degassed for 1 h with fluorinated trichlorosilane (33). Then, a copper wire (0.8 mm diameter) with a sharpened tip was placed on the mold. The tip of the wire was positioned on top of the middle of the chamber. This sharpened tip was used as the cold finger, with local temperature control in the center of the chamber. After placing the copper wire, PDMS was poured on the master mold and cured over-night at room temperature. The patterned PDMS was then irreversibly bonded to a glass slide after treating both with oxygen plasma cleaner (Harrick Plasma Cleaner, Model: PDC-32G, NY). The channel holes were punched with a 20-gauge flat-head needle. The device includes two or three inlet chambers and one outlet chamber ( Figure 1A ). Each chamber is approximately 600 µm in radius and they are connected to each other via an elliptical chamber. The axes of the ellipse are 1400 µm and 1700 µm in length. In order to improve the stability of the main chamber in terms of keeping its initial shape, we introduced an array of small cylindrical columns of size 40-50 µm in diameter into the main chamber. These small columns of PDMS in the main chamber were designed to increase the stability of the chamber in cases where the copper tip does not touch the bottom of the channel and puts extra stress on it. However, in most of our devices the copper tip touches the bottom of the channel. The volume of the device is on the order of 0.2 µl and the height of the device is 20 µm, verified by a surface profiler (Dektak 150 Stylus, Veeco, AZ, USA). The low height of the device is important for fluorescence imaging with low background signal. figure 6 with local background reduction. The fluorescence recovery is lower than in figure 6 but the peak height is similar in all positions, indicating that the differences noted in figure 6 are due to protein that diffused into the solution. The accumulation peak, the signal reduction upon overgrowth and the recovery peak are noted as 1, 2, and 3, respectively. See accompanied movie S1. (B) An image at time = 110 s from the experimental data set used for figure 6 , showing the boxes used for signal and for local background extraction in A.
Figure S3. GFP fluorescence spectrum at different temperatures.
A solution containing 40 µM eGFP was placed between two cover slips, which were placed on a cold stage and observed using a confocal microscope equipped with a spectral scan illumination and detection system (see methods). The temperature was lowered from room temperature to -24 °C and then warmed back. The signal of the complete image obtained was averaged. At 0 °C (before freezing and after freezing and thawing) the sample was liquid while at -5 °C and below the sample was frozen, as noted by white light. There is a clear reduction of the fluorescence signal upon freezing. After melting the signal is restored but not completely due to bleaching by the illuminating laser.
-10 ˚C (frozen)
Movie S1: Growth and melting of ice in solution of GFP-sbwAFP. The experiment started after growing an ice crystal with a clear basal plane (on the right side of the crystal) from pure water in the MCF device followed by injection of 4 µM GFP-sbwAFP. Then the crystal (in the middle of the frame) is growing and the fluorescent protein is excluded, so the new ice layer looks completely black. When growth stops, the fluorescent protein accumulates on the ice surface. The fluorescence on the rim is reduced when covered by an additional layer of ice growth. When this bound surface is exposed again during melting the signal is regained for an instant before the protein diffuses from the ice surface to the bulk solution. The movie is 8 times faster than real time (1 frame every 2 sec).
Movie S2: Growth of ice in solution of GFP-type III AFP. An ice crystal (large black on the right) grown from pure water in the MCF device after injection of 4 µl of 20 µM GFP-type III AFP is observed. The flat basal plane is in the middle of the frame. At the beginning of the movie the crystal is supercooled and stable. It is clear that protein is not accumulated on the ice surface. Then the crystal is allowed to grow and protein in the solution close to the ice surface is pushed away by the growing ice front without accululating on it. As the growth continues, spicules emerge from the basal plane, growing normal to the basal plane. The movie is in real time.
